Epidemiology and prognosis of complications related to allogeneic hematopoietic stem cell transplant (HSCT) recipients requiring admission to intensive care unit (ICU) have not been reassessed precisely in the past few years. We performed a retrospective single-center study on 318 consecutive HSCT patients (2009HSCT patients ( -2013, analyzing outcome and factors prognostic of ICU admission. Among these patients, 73 were admitted to the ICU. In all, 32 patients (40.3%) died in ICU, 46 at hospital discharge (63%) and 61 (83.6%) 1 year later. Survivors had a significantly lower sequential organ failure assessment (SOFA) score, serum lactate and bilirubin upon ICU admission. Catecholamine support, mechanical ventilation (MV) and/or renal replacement therapy during ICU stay, a delayed organ support and an active graft versus host disease (GvHD) significantly worsen the outcome. By multivariate analysis, the worsening of SOFA score from days 1 to 3, the need for MV and the occurrence of an active GvHD were predictive of mortality. In conclusion, the incidence of HSCT-related complications requiring an admission to an ICU was at 22%, with an ICU mortality rate of 44%, and 84% 1 year later. A degradation of SOFA score at day 3 of ICU, need of MV and occurrence of an active GvHD are main predictive factors of mortality.
INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (HSCT) now represents a widely performed treatment for many hematologic malignancies. Survival after HSCT has improved in the past few decades thanks to advances in human leukocyte antigen matching, conditioning regimens and post-transplant supportive care. 1, 2 Extended criteria of inclusion for recipients followed and permitted transplants in older patients with multiple comorbidities. 3 However, a high rate of severe complications mainly related to toxicity of conditioning regimen, immunosuppression and GvHD still occur. These complications are often life threatening and require admission to the intensive care unit (ICU).
The incidence of admission of HSC transplant recipients to an ICU is not uniformly appreciated, varying from 10 to 40%. [4] [5] [6] [7] [8] Early reports indicate that it carries a very high mortality with low survival rates from 20 to 35% 7, 9, 10 and even <10% in patients requiring mechanical ventilation (MV). 7 Several studies attempted to identify prognostic factors of critically ill HSCT recipients. Most of them demonstrated that pre-ICU variables are not reliable and should not be used to determine suitability for transfer to the ICU. 7, 11 In contrast, the level and the number of organ failures were significantly correlated to mortality. 7, 11 In such circumstances, aggressive life support has been considered questionable or even futile especially when MV was indicated. Moreover, longterm survival, although improving, remains poor at <20%. 7, 8 Substantial advances in management of both transplantation and critical care of HSCT recipients have been however realized in recent years and may significantly modify the prognosis. Indeed, an ICU survival of 32%, and a 1-year and 5-year survival of 19 and 17% was observed in 164 critically ill allogeneic HSCT recipients followed from 2000 to 2011. 12 Furthermore, Lengliné et al. 13 observed an improvement in 90-day ICU survival comparing cohorts of patients admitted in two different periods: 1997-2003 and 2004-2011 (31-49%) . Nonetheless, there is an obvious lack of recent comprehensive data and this prompted us to carry out a 5-year (2009-2013) analysis of a large cohort of HSCT patients admitted to an ICU in order to study the epidemiology and the clinical features of severe post-transplant complications and to reassess the factors of prognosis and mortality.
PATIENTS AND METHODS
In our hospital, an average of 70 allogeneic HSCTs are performed each year. If any of these patients present a severe and life-threatening condition necessitating a prolonged MV or/and hemodynamic support, they are transferred to our ICU and followed simultaneously with the transplantation team. Patient health-care directives are collected whenever HSCT is decided on. Our policy is that the decision to admit to ICU and to intensively treat these patients should be made by both the intensivists and the hematologists and according to the patient and family wishes.
All consecutive allogeneic HSCT adult recipients admitted to our ICU Unit (ICU of Lapeyronie Montpellier University Hospital) between January 2009 and December 2013 were included in the study. The institutional review board approved the study and waived the need for informed consent.
Clinical charts were retrospectively reviewed and age at ICU admission, sex and underlying hematologic diseases were recorded. HSCT parameters including conditioning regimen, source of stem cells, occurrence of an acute GvHD and its grading and corticosteroid treatment, occurrence of a chronic GvHD and infectious complications were collected.
Upon ICU admission, the reasons for admission and the span from transplantation and hospitalization to admission were noted. The delay between HSCT and admission to ICU was classified in one of the three following periods: o30, 30-90 and 490 days. Clinical and biological variables including mean arterial pressure, diuresis, blood urea nitrogen, serum creatinine, albuminemia, lactatemia and serum bilirubin were monitored. The level of consciousness at ICU admission was evaluated by the Glasgow coma score. The severity of the disease was assessed 24 h after admission using the simplified acute physiology score II (SAPS-II) 14 and the sequential organ failure assessment (SOFA) scores. 15 The occurrence of aplasia or/and GvHD (active: if treated in the 7 days before ICU admission) was also collected.
During the ICU stay, the need for and the duration of noninvasive and invasive MV and/or renal replacement therapy (RRT) and the use of vasoactive drugs were monitored. Therapies instituted during the first 72 h after ICU admission were considered as initial and those instituted thereafter secondary. The severity of an acute kidney injury, when it occurred, was assessed by the RIFLE (Risk, Injury, Failure, Loss and endstage renal disease (ESKD)) status. 16 During the ICU stay, we also assessed evolution of the disease by SOFA and SAPS-II scores at days 3 and 7, by occurrence of complications, and organ support therapies 72 h after ICU admission. ICU length of stay and outcome, including ICU, 30-day, in-hospital, 6-month and 1-year mortality, were also recorded.
We compared survivors and nonsurvivors for all the above variables in order to identify the predictive factors of ICU and 1-year mortality.
Statistical analysis
The statistical analyses were performed using the SAS software, version 9 (SAS Institute, Cary, NC, USA). We first performed a descriptive analysis by computing the frequencies and the percents for categorial data; means or medians, s.d., quartiles and extreme values for continuous data. We also checked for the normality of the continuous data distribution using the Shapiro-Wilk tests. The univariate analysis was performed using two-tailed Student's t-test for continuous variables, Fisher's test and χ 2 test for categorial variables or two-tailed Mann-Whitney-Wilcoxon test when appropriate. To analyze the factors associated with the ICU mortality, univariate and multivariate logistic regression models were performed. We used a hierarchical backward selection process to build the multivariate model. At each step, the variable with the least significant P-value was removed until all remaining main effects in the model were significant at Po0.05. The variable interest was in-ICU mortality, and results were expressed as hazard ratios and 95% confidence interval. The proportional hazards assumption was checked for all logistic regression models constructed. Survival curves were generated using the Kaplan-Meier methodology.
A value of P o0.05 was considered significant.
RESULTS

Population and mortality
During the study period, 318 adult allogeneic HSCTs were performed in the Hematologic Transplant Unit of our hospital. Of these patients, 73 were admitted to the ICU for severe complications, leading to an incidence of life-threatening complications at 21.7%. A total of 27 females and 46 males, with mean age at 55 ± 7 years, were then studied. Patients' characteristics, underlying hematologic disease and conventional parameters of allogeneic HSCT are summarized in Table 1 . Most of the patients (56; 77%) underwent HSCT from peripheral blood, whereas 17 (24%) had HSCT from cord blood. We observed that 23 patients (31.5%) experienced a high-grade (III or IV) acute GvHD, and corticosteroid treatment was necessary in 46 patients (63%). The median time span from HSCT and hospitalization to ICU admission was 108 (47-132; o 30 days: 16; 30-90 days: 26; 490 days: 31 patients) and 18 days, respectively. The ICU admissions were frequently motivated by acute respiratory failure (44 patients, 60.3%).
The clinical and biological data upon admission are displayed in Table 2 . Seventeen patients (23.3%) presented an active GvHD and 24 (32.8%) were in aplasia. Seventy-one patients (97.2%) were treated for bacterial infections (suspected or proven), 62 (84.9%) for fungal infections and 47 (64.4%) for viral infections. Microbiological documentation is shown in Table 2 , underlying that almost half of the patients have a documented viral infection.
In the first 72 h in the ICU, 25 patients (34.2%) were on catecholamine support, 16 (21.9%) were on noninvasive MV, 29 (39.7%) were on invasive MV (8 were switched from noninvasive to invasive MV) and 18 (24.6%) underwent a RRT (Table 2) .
After 72 h in the ICU, more patients were on artificial support: 39 (53.4%) were on catecholamine support, 43 (58.9%) were on invasive MV and 31 (42.4%) underwent a RRT ( Table 3) . Most of the patients experienced additional complications during their ICU course (Table 3) . Infectious complications remain the most frequent, occurring in 83.6% of patients. We reassessed the levels of severity scores at day 3 (60 patients were still present in ICU) and day 7 (38 were still present in ICU). A slight increase in SOFA and SAPS-II scores was observed from days 1 to 7, as displayed in Figures 1 and 2 .
The median ICU stay was 9 (3-18) days. Thirty-two patients (43.8%) died in ICU, 5 more (37 patients; 50.7%) at day 30 and 9 more (46 patients; 63%) in the hospital after being discharged from the ICU. This brings the overall in-hospital mortality to 63%. The 6-month and 1-year mortality rates were respectively 74 and 83.6%. Patients who survived ICU admission had a 1-year survival rate of 44.4%. At 1 year after ICU, the quality of life of these patients was fair as reflected by the median Karnofsky score of 80 (37.5-90). Only one-fourth of these patients experienced a score of <50 (normal value at 100). Figure 3 represents the Kaplan-Meier curve for 1-year survival after admission to the ICU.
Prognostic analysis of the 73 allogeneic HSCT recipients admitted to the ICU The univariate analysis of the data between ICU survivors and nonsurvivors is shown in Tables 1, 2 , 3, 4, 5. Neither the underlying hematologic disease nor comorbidities and number of chemotherapy lines nor the time span from the HSCT or hospitalization to the ICU admission were of any prognostic value, nor were the transplant characteristics (Table 1) . Among severity scores at ICU admission, only SOFA score was significantly predictive of the mortality. Among biological variables studied upon ICU admission, the following were also significantly predictive of mortality: serum lactate and serum bilirubin. In contrast, the level of renal function impairment upon admission, evaluated by serum creatinine, did not alter the ICU outcome (Table 2) .
At ICU admission and during ICU course, the need for MV, catecholamine, RRT and an antiviral treatment significantly worsens the prognosis (Tables 2 and 3) . A late introduction, beyond at 72 h, of any organ support was significantly associated with a worse survival rate (P o 0.01) as was the occurrence of respiratory, kidney or hepatic failures, active GvHD, digestive hemorrhage and neurological troubles (Table 3) . Deceased patients have a significant increase in their severity scores from days 1 to 3 and 7 (Figures 1 and 2) .
By multivariate analysis, occurrence of an active GvHD, the need of invasive MV and worsening of SOFA score from days 1 to 3 were independently related to mortality. In contrast, ICU admission SOFA score and the need of an antiviral treatment, RRT and other variables that were associated with mortality in the univariate analysis did not remain significant in the multivariate analysis. The adjusted odds ratios for parameters associated with ICU mortality are summarized in Table 4 . ICU length of stay was not different between the two groups. By comparing 1-year surviving and nonsurviving patients using univariate analysis, we found that SOFA score at day 3 (P = 0.01) and to a less extent the necessity of MV during ICU stay (not significant, P = 0.06) may predict long-term mortality (Table 5) .
DISCUSSION
The aim of this study was to describe the epidemiology, clinical features and outcome of allogeneic HSCT recipients who were admitted to an ICU during the 5-year period (2009-2013). The incidence of severe complications requiring an admission to ICU was ∼ 21%. The mortality rate for this population was 43.8% in the ICU, 63% when discharged from the hospital and 83.6% after 1 year. Our results demonstrate that the occurrence of an active GvHD, the need for MV and the worsening of organ dysfunction were the main indicators of prognosis.
Previous studies reported a rate of severe complications requiring critical care varying from 11 to 40% in all HSCT recipients. 4, [6] [7] [8] 17 In this study, we reviewed over 300 HSCTs; the incidence of severe complications requiring an ICU admission was 21% comparable to that previously reported. 7 The main reason for admission to our ICU was severe respiratory failure as nearly twothirds of our patients required a ventilatory support, in accordance with previous reports. 17, 18 Our population was associated with a high critical illness, as reflected by the level of severity scores, and Figure 2. SAPS-II score evolution during ICU stay from day 1 to day 7. The number of patients at D1, D3 and D7 is displayed for each group. D, day. *P o0.05 survivors vs nonsurvivors Abbreviations: CI = confidence interval; HSCT = hematopoietic stem cell transplantation; ICU = intensive care unit; MV = mechanical ventilation; SOFA = sequential organ failure assessment. Figure 1 . SOFA score evolution during ICU stay from day 1 to day 7. The number of patients at D1, D3 and D7 is displayed for each group. D, day. *P o0.05 survivors vs nonsurvivors. had ICU and in-hospital survivals of 56 and 37%, respectively. The most recent studies reported ICU survival rates of 46%, 11 32%, 12 and 49%. 13 The improvement in ICU survival that we observed may be related to the multidisciplinary (hematologists and intensivists) approach to the management of these patients and also to the better use of organ support. 19 However, long-term survival remains poor as 83.6% of our transplant recipients were deceased after 1 year. Similar results have been reported previously, 9, 17 with survival rates that culminate at 19%. 7, 11, 12 It is noteworthy that a large proportion (35/61) of our ICU survivors were subjected to therapeutic limitations and were not secondary referred back to the ICU for severe complications.
We reassessed prognosis and survival of HSCT recipients by investigation of this recent time period cohort because identification of the factors predictive of ICU mortality may help to determine suitability for transfer to the ICU and to perform an optimal follow-up and management. First, we found that clinical characteristics before ICU admission such as age, comorbidities, type of HSCT, and conditioning regimen did not influence mortality according to previous reports. 7, 17 The use of nonmyeloablative conditioning regimen and PBSCs in some of our transplant recipients that would reduce toxicity and immunosuppression did not induce any significant effect on their ICU survival. However, we did not corroborate the fact that a longer elapsed time since transplantation would be predictive of an increased risk of mortality. 7, 20, 21 We observed that ICU outcome of HSCT recipients is more dependent on the underlying critical illness than on the transplant variables or characteristics. The univariate analysis identified eight variables that were related to ICU mortality: SOFA score, serum lactate and bilirubin upon ICU admission; MV and the need for catecholamine support and/or RRT, a delayed organ support (72 h after ICU admission) and an active GvHD. However, when we included these parameters in the multivariate analysis, only the following factors remain predictive: the need for MV, worsening of SOFA score from days 1 to 3 and occurrence of an active GvHD. Among these parameters, the need for MV is a striking determinant, as it dramatically increases the risk of mortality. It corroborates the study of Pène et al. 7 who also found in a retrospective analysis that the occurrence of an acute respiratory failure requiring MV in HSCT transplant recipients significantly increases the mortality to 82%. Delayed MV after ICU admission worsens the prognosis even more. Our observations may suggest however that survival of mechanically ventilated allogeneic HSCT recipients is improving with consistent ICU survival of 440% as compared with <20% in the past two decades. 7, 10, 12 None of renal cardiovascular and liver failure, when separately investigated, correlated with the probability of mortality in our analysis, whereas an elevated bilirubin level has been considered to be a factor predictive of mortality. 7 ICU admission SOFA score 15 that includes evaluation of respiratory, renal, cardiovascular and liver functions was significantly lower in surviving patients as compared with the nonsurviving patients. 11 Indeed, Neumann et al. 17 reported that SOFA score 15 was predictive of survival when applied on the day of ICU admission in 64 allogeneic HSCT patients. More important, our multivariate analysis demonstrates that the increase in SOFA score 15 from ICU day 1 to day 3 significantly predicts the mortality. To the best of our knowledge, sequential assessment of SOFA score 15 during the first ICU days to predict outcome has never been evaluated in HSCT recipients. Only, Lamia et al. 22 reported that SOFA score on days 1 and 3 was useful in predicting ICU mortality in 92 patients with onco-hematological malignancy in which 11 were HSCT recipients. Based on our results, the reassessment of SOFA score 15 on day 3 of ICU stay may help intensivists in the decision-making process in critically ill HSCT patients. Accordingly, a finding of a treatable condition leading to the rapid inversion of organ dysfunction may significantly improve the prognosis. In ICU patients with hematologic malignancies, bacterial infection has been found to be associated with a more severe initial but a more rapidly reversible organ dysfunction and a subsequent lower mortality compared with other complications. 23 The other parameter we found that discriminates ICU surviving and nonsurviving patients was the occurrence of an active GvHD either at ICU admission and/or during ICU course. None of the patients with active GvHD survived in the study of Huaringa et al. 20 Pène et al., 7 like others, 13 also observed that patients with late complications of HSCT in the setting of active GvHD had a significantly lower outcome. An active GvHD mainly necessitates reinforcement of immunosuppression with high-dose corticosteroid, leading to a profound and sustained immunodeficiency and subsequently to high infectious risk and mortality. The occurrence of a digestive hemorrhage secondary to active GvHD and the institution of an antiviral treatment that also reflects a high level of immunosuppression were significantly associated with ICU mortality in our patients. Patients with immunodeficiency and organ failures related to GvHD, especially respiratory failure requiring MV, bears obviously the worst ICU prognosis and their invasive management in ICU may be questionable. In these circumstances, according to our results, a re-evaluation of organ failure assessed by SOFA score, 15 3 days after ICU admission, may help the decision with hematologists to avoid futile aggressive care.
Yet, the prognosis of HSCT recipients admitted to the ICU remains rather bad, 7, 9, 17 and the occurrence of these severe complications also affects the long-term outcome. Indeed, we observed like others 7, 8, 11 a mortality increase from 44% at ICU discharge to 74% at 6 months and 84% after 1 year. However, the 1-year quality of life was satisfactory as reflected by the score of Karnofsky. Among the factors studied, none has been able to predict the long-term prognosis except the observation of a worse outcome with a higher SOFA score at day 3.
We must acknowledge some limitations to our study. First, it was limited to a single center, although it was conducted in a large cohort of HSCT patients. Second, it is a retrospective study that therefore may be affected by various biases. Third, immunosuppressive treatments have changed between individuals regarding differences in time span from transplantation to ICU admission that may represent additional bias in the interpretation of the results.
In summary, the incidence of severe HSCT complications requiring admission to the ICU is far from negligible as it is 420% of the overall HSCT recipients. They are mostly of pulmonary origin. Despite advances in therapeutic strategies and policies, ICU, in-hospital and 1-year mortality remain high. Yet, this poor ICU outcome should not change physicians' attitudes toward admitting these patients to the ICU but rather incite them Abbreviations: D3 = day 3; ICU = intensive care unit; IQR = interquartile range 25-75; SAPS-II = simplified acute physiology score II; SOFA = sequential organ failure assessment. The P-values indicate differences between 1-year survivors and nonsurvivors.
Allogeneic hematopoietic stem cell transplantation patients L Platon et al to frequent reappraisal of the benefits of intensive care. A degradation of SOFA score at day 3 of ICU, need of MV and occurrence of an active GvHD are main factors predictive of mortality and may be therefore taken into account in therapeutic decision involving both intensivists and hematologists. In order to improve the likelihood of survival in this population, further research is however still needed regarding critical care management and prediction of mortality.
